Over the past two decades a plethora of publications and clinical practice data have established that subclinical thyroid dysfunction is a common condition occurring much more frequently than the overt expression of thyroid disease. Subclinical hypothyroidism is considered to be the most common of these entities. However, far more common and relatively less studied is exogenous sublinical hyperthyroidism (SubHyper) caused by L-thyroxine (T4) administration to thyroidectomized or hypothyroid patients or patients with simple or nodular goiter. Despite iodination, simple goiter is still prevalent and single or multiple nodules are now detected by ultrasound screening in 25-30% of adults, who are accordingly frequently given long-term T4 treatment. Approximately half of European Endocrinologists administer T4 permanently to patients with the above entities with the aim of suppressing TSH levels. Furthermore, in the USA the Colorado Study demonstrated that 40% of patients receiving thyroid hormones had suppressed TSH levels (less than 0.3mIU/L). These facts render exogenous SubHyper an everyday problem for the endocrinologist. Exogenous SubHyper differs in many aspects from endogenous, its principal difference being that it is an iatrogenic thyroid disorder induced by the endocrinologist. The management of exogenous SubHyper relies on appropriate adjustment of T4 dosage taking into consideration a) individual requirements in T4, sex, age and the presence of cardiovascular disease or other co-morbidity, b) the recognition that small changes in serum FT4 have a logarithmic effect on TSH, c) the variability of FT4-TSH interactions between individuals, d) the instability of T4 preparations and its bioavailability, and e) the values of serum FT4 and FT3 that accompany a suppressed TSH. This last parameter is of importance since it is the free thyroid hormones values in the serum that generate and reflect the thyroid metabolic state of the organism rather than the degree of TSH suppression.
subclinical thyroid dysfunction is a common condition occurring much more frequently than the overt expression of thyroid disease. However, despite extensive literature on the subject, controversial issues remain regarding screening, evaluation of clinical importance and management of patients with this disorder defined as subclinical hypo-or hyperthyOver the past two decades a plethora of publications and clinical practice data have established that roidism. Since no definite clinical signs are present, the diagnosis of subclinical thyroid dysfunction relies on reference range of thyrotropin values derived from a study of disease free, ethnically diverse groups of 13,344 individuals. 1 In this study TSH concentrations of the 2.5 th and 97.5 th percentiles were found to be 0.45 and 4.12 mIU/L, respectively, and were considered as the lower and upper normal limits of the general population. Based on these results, a consensus committee of experts 2 defined subclinical hypothyroidism as the condition presenting serum TSH concentration above 4.5mIU/L and normal thyroxine (T4) and triodothyronine (T3) levels. It was, however, mentioned that certain authors suggest that the upper limit of normal for TSH concentration should be 2.5 mIU/L. [2] [3] [4] [5] The subclinical form of hyperthyroidism was characterized as a serum concentration of 0.45 mIU/L or less, accompanied by normal T4 and T3 values.
Subclinical hypothyroidism is considered to be the most common thyroid dysfunction, its prevalence being about 4-9.5%, this increasing to more than 20% in old age, especially in women. [6] [7] [8] In the U.S., based on epidemiological data and the 2000 U.S. concensus, it was estimated that approximately 9.6 million women and 4.4 million men have subclinical hypothyroidism. 9 Subclinical hyperthyroidism is much less common in the disease-free population not taking thyroxine, being about 2% and rising to 5.5% in males and 6.5% in females past the age of 60 years.
However, far more common than the above-mentioned dysfunctions and relatively less studied is exogenous subclinical hyperthyroidism (SubHyper) caused by thyroxine administration for various thyroid nosologies. The prevalence of this condition has not been defined but can be deduced from indirect evidence. Patients thyroidectomized for thyroid cancer are given high doses of thyroxine and hypothyroid patients receiving substitution therapy with thyroxine are potential candidates for exogenous subclinical hyperthyroidism. The bulk of patients, however, receiving thyroxine are those with simple or nodular goiter. Simple goiter, despite iodination, is still prevalent and the incidence of multi-nodular goiter is high. In the Whickham survey of 2779 subjects, 5.3% of adult women and 0.8% of men had clinically palpable thyroid nodules. 6 With ultrasound screening, single or multiple nodules are found in 25 to 30% of adults and up to 60% in women over 60 years of age, most of whom are given long-term thyroxine treatment. 10, 11 An ultrasonography screening of 96,278 unselected employees in Germany demonstrated the presence of goiter and/or nodules >0.5cm in 34.2% of women and 32% of men. 12 In Europe, 50% of the members of the European Thyroid Association who replied to a questionnaire stated that their treatment recommendations to the patients were to take thyroxine permanently, aiming at a suppressed TSH level. 13 The above categories of patients constitute a huge body of people receiving thyroxine in doses ranging from 100ìg to 250ìg daily, which, in a considerable proportion of them, exerts a suppressive effect on TSH. This is documented by the NHANES III survey in which 18.3% of the 820 people taking thyroid medication had biochemical evidence of hyperthyroidism (7.3% clinical, 10.9% subclinical), as well as the Colorado Study which found that 40% of patients receiving thyroid hormones had abnormal TSH levels (less than 0.3 mIU/L). 1, 7 Because of its high incidence, exogenous SubHyper presents an everyday problem to clinical endocrinologists and, because it differs in many respects from endogenous SubHyper, its characteristics need to be delineated. Firstly, its etiology is comprehended whereas in the endogenous form a variety of causes have to be investigated such as an autonomous adenoma, hyperfunctioning multiple nodules, relapse or initial stages of clinical hyperthyroidism, subacute thyroiditis, the use of drugs as cortisone, amiodarone, iodine, dopamine and even certain non thyroidal illnesses. The duration of exogenous SubHyper can more easily be calculated from the medical history of the patient, whereas in the endogenous variety this significant parameter for the impact of thyroid dysfunction on the organism is unknown. Exogenous SubHyper does not carry the risk of progressing to overt hyperthyroidism as has been reported to happen yearly in 5% of patients with endogenous SubHyper. Furthermore, euthyroidism is easily achieved in exogenous SubHyper, necessitating only delicate manipulations and individualization of thyroxine dosage without resort to drug of left ventricular mass and diastolic dysfunction. 20 The panel of the ATA interpreted echocardiographic changes in endogenous SubHyper to be small and of uncertain clinical importance. They, however, mentioned the study reporting an increase in cardiovascular mortality of up to threefold in patients older than 60 years with endogenous SubHyper and serum TSH lower than 0.5 mIU/L. 21 This study, however, was criticized in five letters to the Editor by various authors. 22 Evidence for an increase of atrial fibrillation in patients with TSH 0.1 to 0.4 mIU/L was considered by the ATA Committee to be limited, whereas the evidence was considered solid for those with TSH <0.1 mIU/L. A 10-year follow-up study of elderly patients with TSH £0.1mIU/ L disclosed a threefold higher incidence of atrial fibrillation compared with euthyroid subjects. 23 In another retrospective study of 1138 subjects with TSH <0.4mIU/L, the relative risk of atrial fibrillation was 5.3 compared with subjects with TSH value within the normal reference range. 24 Biondi, based on her own research and literature data (2005), expressed an opinion differing from that of the ATA panel, stating that the most consistent cardiac abnormality in patients with exogenous and endogenous SubHyper is a significant increase in left ventricular mass. 19 In a prospective placebo-controlled randomized trial, the T4 suppressive dose was reduced for 6 months in 33 patients with thyroid cancer. The results showed that, at baseline 4 patients had left ventricular hypertrophy and all patients had impaired diastolic function, which was at least partly reversed after restoration of euthyroidism. 25 The effect of SubHyper on the skeleton is extensively discussed in Biondis et al. and Helfonds reviews, the overall conclusion being that it remains controversial whether SubHyper increases the risk of fractures. 14, 19, 20 Two meta-analyses published in 1994 and 1996 found a reduction of bone mineral density during prolonged exogenous SubHyper among post-menopausal women but not in premenopausal women. 26, 27 No significant effect on bone mineral content at femoral and spinal sites was found by Franklin et al in 44 pre-and postmenopausal women thyrectomized for thyroid cancer and on long-term (mean 7.9 years) high doses of thyroxine (mean 191±50ìg/day) resulting in serum FT4 and or other forms of therapy. What is specific to exogenous SubHyper is that this thyroid dysfunction is iatrogenic and often produced by the very same clinician who makes its diagnosis.
With these characteristics the problem of exogenous SubHyper is focused on the following issues: 1. the risks of suppressive doses of thyroxine; 2. the need to categorize the patients; 3. the veritable metabolic significance and implications of a low TSH value; and 4. the therapeutic strategy.
1. The risks of subclinical thyroid dysfunctions, including exogenous SubHyper, were recently explored by a committee of the American Thyroid Association (ATA), the American Association of Clinical Endocrinologists (AACE) and the American Endocrine Society with the aim of formulating guidelines for the clinicians. 2 The members of the Committee reviewed all English language research articles (N 195) and evaluated the strength of the evidence regarding the association of subclinical thyroid states and abnormal clinical outcomes. The panel, following the approach taken by many investigators, classified patients with SubHyper into two categories: those with serum TSH between 0.4 and 0.1mIU/L and those with TSH values below 0.1 mIU/ L, and analyzed evidence-based data regarding the consequences of SubHyper on the cardiovascular system, the skeleton and the neuropsychiatric and systemic symptoms. A related detailed summary of the data regarding subclinical thyroid dysfunction was also reported by Helfand from Oregon Health and Science University.
14 Most of the papers analyzed concerned subclinical hypothyroidism and endogenous SubHyper with few notes on the exogenous form or the length of time of thyroid hormone administration. Nevertheless, the conclusions can, to a certain degree, be applied to exogenous SubHyper, taking into consideration the specific characteristics mentioned above. Two outstanding reviews of SubHyper with an extensive literature search appeared in 2005 and have been of great help to the present author in dealing with the problems of the exogenous SubHyper form. 19, 20 The cardiac dysfunction in patients with SubHyper reported in the literature includes increase in heart rate, arrhythmias, atrial fibrillation, increase 3. The evaluation of the actual metabolic significance and implications of a low TSH value should be made taking into consideration four parameters: a) the relation between TSH and serum free T3 and T4, b) the qualities of thyroxine preparations, c) the TSH normal range for each individual and, most important, d) the values of serum FT4 and FT3 that accompany a suppressed TSH.
The negative feedback action of free T4 on pituitary TSH is logarithmic, which means that small changes of serum free T4 do not have an analogous small impact on TSH and may provoke quantitatively important changes. Moreover, the activity of pituitary deiodinase, which regulates TSH suppression by transforming T4 to T3, presents individual variations and is subject to many influences, including T4 itself, that can lead to hyperfunctioning or hypofunctioning states with analogous consequences on TSH suppression. Small changes in serum T4 levels due to difference in absorption and metabolism of T4 or other causes can easily occur in exogenous SubHyper and have no or insignificant metabolic consequences but can exert a suppressive action on TSH disproportional to their magnitude.
The variable potency and bioavailability of thyroxine preparations are well known and have a serious bearing on therapeutic choice that aims at avoiding over-or under-dosage. [32] [33] [34] Considerable differences in potency and stability of thyroxine were reported by Hennessey who found superpotency in 9 and subpotency in 47 of 58 batches of thyroxine preparations. 35 Olveira et al have shown that simple changes in the manufacture of levothyroxine tablets may produce important variations in their bioavailability. 36 These differences in potency and the potential but undefined contamination of thyroxine preparations with T3 together with the undetermined stability of these compounds, their variable dissolution in biologic fluids and their variable absorption create uncertainty about their biological efficacy that can only be resolved by empirically testing it in each particular case. 37 The diagnosis of exogenous SubHyper is based on the acceptance of a population based reference range for serum TSH values. However, Andersen et al 38 evaluated 15 normal men who were studied FT3 at or slightly above the upper normal limit. 28 A more recent prospective study of 686 women older than 65 years disclosed that women with TSH levels <0.1 mIU/L had a threefold and fourfold increased risk for hip and vertebral fractures, respectively, compared to women with normal TSH values. In this study, however, no distinction was made between overt and SubHyper. 29 In a nationwide survey of 11,776 patients with clinical hyperthyroidism, in which each patient was compared with 3 age -and gender-matched controls, fracture risk was statistically increased (1.26-2.29) only around the time of diagnosis but not after treatment. 30 The existence of systemic symptoms or signs, even mild or few, are not, by definition, compatible with the diagnosis of SubHyper. Mild hyperthyroidism would be a more appropriate term in such cases which mainly concern endogenous SubHyper and may constitute an early stage of overt hyperthyroidism. In patients with exogenous SubHyper, Biondi et al reported signs and symptoms mimicking adrenergic overactivity which significantly improved after administration of b-blockers. 31 
The categorization of patients with exogenous
SubHyper is important for their proper management. In young thyroidectomized patients with low risk differentiated carcinoma after several years of asymptomatic disease, the dose may be reduced to levels of TSH between 0.1-0.4mIU/L. In hypothyroid patients, replacement therapy can be adjusted to TSH concentrations up to 2.5mIU/L, a level considered by strict criteria to be the upper normal limit. In simple and nodular goiter, after whatever effect on the volume or nodules has been achieved in the first years of treatment, a trial with reduced maintainance dose can be tried accompanied by appropriate monitoring. A further categorization of all these patients should be made according to sex, age, medical history and physical condition in order to achieve the most appropriate therapeutic regimen. Women are more apt to present cardiac arrhythmias, atrial fibrillation and osteoporosis and the health problems of aged patients, especially those with cardiovascular disease or other co-morbidity, should be carefully evaluated to enable prescription of an individualized thyroxine dose.
monthly for a year and demonstrated much more narrow individual fluctuations than the population reference range and a great variation between subjects. This means that an individual may present with a TSH value outside of his personal TSH normal range and consequently abnormal for this individual but normal in line with the population reference range. On the other hand, the great variations of TSH and T4 between subjects indicate a different sensitivity to T4 and TSH interaction among individuals, which explains the variable effect of thyroxine administration in different people.
4. Finally, attention should be paid to an issue that has been given little consideration, namely the FT4 and FT3 values that accompany a suppressed TSH value, since FT4 and FT3 generate and reflect the thyroid metabolic state of the organism. So far, pertinent conclusions are based on the assumption that a low TSH is the result of an excess of free thyroid hormones and that the degree of TSH suppression is an indirect index of the magnitude of this excess and its consequences. However, because of the very nature of serum FT3 and FT4 interactions with TSH, a certain degree of TSH suppression does not necessarily correlate with serum FT3 and FT4 values. This lack of reciprocal relation between TSH and FT3 and FT4, caused by variable individual sensitivity, instability of thyroxine preparations and bioavailability, is well illustrated in the study of Carr et al. In this study of 21 hypothyroid patients, it was shown that by increasing the thyroxine dose that maintained the TSH within the normal reference range by 25ìg, the TSH value dropped to below 0.2mIU/L in most subjects, and with a 50ìg overdosage, suppressed TSH value was achieved in all patients. 39 The free T3 value, however, remained within the normal reference range (3-8 pmol/L) in all but 2 subjects who received the plus 25ìg and 3 in the plus 50ìg dose. Seventy-five percent of the values ranged from 5 to 6.5 pmol/L in the plus 25ìg dosage and more than half of the values ranged between 5.5 and 7pmol/L in the +50ìg dosage. Due to this non-reciprocity between TSH and FT4 and FT3, it is not rare to come across patients receiving 100ìg T4 and having suppressed TSH, while others with similar features maintain TSH levels of 2.5mIU/ L with T4 dosages of 150-200ìg. During follow-up in both cases, it is not unusual to observe a reversal of the situation to either direction. In endogenous SubHyper, a proportion of patients with low TSH values present with normal values at follow-up, leading some authors to advocate as initial strategy surveillance rather than treatment. 8, 40 The question, therefore, arises as to which parameter should be taken to indicate tissue thyrotoxicity and consequent harm to the organism: the degree of TSH suppression or the corresponding levels of FT3 and FT4? Until this issue is satisfactorily scientifically addressed, the practicing physician is justified in feeling that FT3 and FT4 concentrations around the middle of the normal reference range are fairly reassuring of a normal thyroid metabolic state in spite of the presence of a low TSH which may remain suppressed long after reducing the dose of thyroxine. This seems to be the position of 185 members of the American Thyroid Association who were asked to express their opinion on the management of 4 hypothetical cases of different ages with endogenous Hyper presenting T3 and T4 values in the middle of normal range and TSH 0.2-0.3 mIU/L or undetectable. It was obvious that the clinical judgment of the thyroid specialists is based on the normal T3 and T4 rather than the suppressed or even undetectable TSH. With regard to exogenous SubHyper, the decision for its management will be based on a balanced appraisal of the following issues: The issue of exogenous SubHyper cannot adequately be addressed by an evidence-based methodology or specific guidelines because of the lack of definitive data and primarily because of the multitude of variations that each individual presents. The task, therefore, of the practicing endocrinologist is to scrutinize each patients data and characteristics and employ his best clinical judgment with the aim of applying an individualized optimal therapeutic scheme to his patient. It must be stressed, however, that TSH suppressive therapy is essential in the management of patients with high risk differentiated thyroid cancer. 42 
